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© Heteroatoms-containing tricyclic compounds. 



© The invention relates to the field of macrolides. It concerns 12-(2'-cydopentylvinyl)-11,28-dioxa-4- 
azatricyclo^.S.I.O^-^ctacos-IS-ene or -14,18-diene and 11- 

(Z^dopentytvinylJ-IO^-dioxa^-azatricydopi.a.l.O^^heptacos-n-ene or -13,17-diene derivatives, in 
particular the compounds of formula I 
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wherein the substituents have various significances. They are prepared by a process comprising ring 
contraction accompanied by appropriate derivatization. They possess interesting pharmacological 
activity as immunosuppressant and antiproliferative, antiinflammatory, and chemotherapeutic drug 
resistance reversing agents. 
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The invention relates to the field of macrolides. It concerns 
a 1 2-(2'-cydopentylvinyl)-1 1 , 28-dioxa-4-azatricydo[22.3. 1 .O^octacos-I 8-ene or -14, 1 8-diene 
or an 11-(2'^ydopentyvinyl)-10,27-dioxa-4-azatric^^ or -13,17-diene deriva- 

tive, 

5 with the proviso that the cyclopentyl moiety thereof is other than 3-formylcyclopentyi, 
hereinafter referred to briefly as "a compound of the invention". 

A preferred compound of the invention is 
a 17-alkyl (or 17-alkenyl)-1-hydroxy-14-oxy-12-(2'-cydopentyl-1'-m 

21 ,27-tetramethyl-1 1 ,28-dioxa-4-azatricydo[22.3. 1 .O^Joctacos-l 8- trans-ene-2,3, 1 0, 1 6-tetraone 
10 or 17-alkyl (or 17-alkenyl)-1 -hydroxy- 12-{2'-cyclopentyi-V-methyl-trans-vinyl)-23,25-dimethoxy-1 3,1 9,21,27- 
tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.r>' 9 ]octacos-14,18-trans- diene (or -18-trans-ene)-2,3, 10,1 6-te- 
traone derivative, 

with the proviso that the cyclopentyl moiety thereof is other than 3-formylcydopentyl. 
Even more preferred is 
15 a17a-alkyl(or17a-alkeny1)-1|^hydroxy-^^ 

methoxy-1 3a, 19,21 a,27p-tetramethyl-1 1 ,28-dioxa-4-azatricyclo [22.3. 1 .OA^octacos-l 8-trans-ene-9aH,240H- 
2,3, 10,1 6-tetraone 

or 17a-alkyl (or 17a-a!keny1)-1|Hiydroxy-12-[2'-(cydopent-r^ 

13a,19,21a,27p-tetramethyl-11,28-dioxa-4-azatricyclo [22.3.1.0*^octacos-14,18-trans-diene (or -18-trans- 
20 ene)-9aH,24|JH-2,3,10,16-tetraone derivative, 

with the proviso that the cyclopentyl moiety thereof is other than 3-formylcydopentyl. 

The cydopentyl moiety preferably is monosubstituted, preferably in the 3 position. The tricydic ring struc- 
ture preferably is substituted as is known from the literature, e.g. EP 1841 62, for analogous cydohexyl tricydic 
compounds. 

25 A compound of the invention can be obtained by a process which comprises subjecting a suitable 12-(2'- 

cydohexylvinyl)-1 1,28-dioxa-4-azatricyclo[22.3.1.0 4 9 ]octacos-1 8-ene or -14,1 8-diene or a suitable 1 1-(2'-cyc- 
lohexylvinyl)-10,27-dioxa-4-azatricydo[22.3.1.0*. 8 ]heptacos-17-ene or -13,17-diene derivative to ring contrac- 
tion and appropriately derivatizing the resultant cydopentyl compound. 

The invention indudes further the use of this resultant cyclopentyl compound as an intermediate, e.g. in 

30 the preparation of a compound of the invention. 

The process of the invention is effected in a manner analogous to known procedures. Ring contraction is 
e.g. effected by treating a corresponding derivative substituted in the cydohexyl ring by a cyano group, with 
an acid having a non-nudeophilic anion, such as hydrofluoric acid. Preferably an inert solvent such as acetonit- 
rile is used. The reaction is effected e.g. in a manner analogous to that described in EP 427680. Protecting 

35 groups which may conveniently be present can be simultaneously removed, or protecting groups may be intro- 
duced in conventional manner. The temperature preferably is about room temperature. The subsequent deri- 
vatization is also effected in conventional manner, e.g. according, or analogously to, the methods described 
hereunder. 

The compounds of the invention may be isolated and purified from the reaction mixture in conventional man- 

40 ner. 

The designations and numbering of carbon atoms used above are according to the designations and num- 
bering in EP 184162 for analogous, cydohexyl, compounds. However, various other designations and num- 
bering are used in the literature. The numbering of carbon atoms used hereunder is in accordance with the 
numbering for compound FK506 published in H. Tanaka et al., J.Am.Chem.Soc . 109 (1987) 5031. 
45 The invention concerns particularly the compounds of formula I 
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wherein 

Ri is methoxymethyl; optionally protected hydroxy methyl; acyloxymethyl wherein the acyl moiety optionally 
35 contains either a dimethyl amino group which may optionally be quaternized, or a carboxy group which may 
optionally be esterlfied, or one or more amino and/or hydroxy groups which may optionally be protected; or ami- 
nooxalyioxymethyl; 

either R 2 is methoxy, formyloxy or optionally protected hydroxy and there is a single bond between positions 
23 and 24 

40 or R 2 is absent and there is a double bond between positions 23 and 24; and 
R 3 is methyl, ethyl, n-propyl or ally!; 
in free form and, where such forms exist in salt form, 
hereinafter referred to briefly as "the particular compounds of the invention**. 

As appears from formula I the carbon atom in 32 position is asymmetrically substituted; R, can thus be 
45 bound with the a or the p configuration to that carbon atom, and the compounds of formula I can exist as the 
corresponding individual isomers or as the diastereoisomeric mixture thereof. 

A subgroup of particular compounds of the invention is the compounds Ip1, i.e. the compounds of formula 
I wherein 

R, is hydroxymethyl; 

50 either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 

or R 2 is absent and there is a double bond between positions 23 and 24; and 

R 3 is as defined above under formula I. 

A further subgroup of particular compounds of the invention is the compounds Ip2, i.e. the compounds of 

formula I wherein 
55 Ri is optionally protected hydroxymethyl; 

R 2 is as defined above for compounds lp,; and 

R 3 is as defined above under formula I; 

in free form and, where such forms exist, in salt form. 

4 
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A further subgroup of particular compounds of the invention is the compounds lp 3 , i.e. the compounds of 
formula I wherein 

R, is the acyloxymethyi group formyloxymethyi; 

either R 2 is fonmyloxy or optionally protected hydroxy and there is a single bond between positions 23 and 24 
5 or R 2 is absent and there is a double bond between positions 23 and 24; and 
Ra is as defined above under formula I, 
in free form and, where such forms exist, in salt form. 

A further subgroup of particular compounds of the invention is the compounds lp 4 , i.e. the compounds of 
formula I wherein 

10 is acyloxymethyi wherein the acyl moiety optionally contains either a dimethylamino group which may 

optionally be quaternized, or one or more amino and/or hydroxy groups which may optionally be protected; 

R 2 is as defined above for compounds Ip^ and 

R 3 is as defined above under formula I; 

in free form and, where such forms exist, in salt form. 
15 A further subgroup of particular compounds of the invention is the compounds lp 5 , i.e. the compounds of 

formula I wherein 

Ri is aminooxalyloxymethyl; 

R 2 is as defined above for compounds lp 1 ; and 

R3 is as defined above under formula I; 
20 in free form and, where such forms exist, in salt form. 

A further subgroup of particular compounds of the invention is the compounds lp 6 , i.e. the compounds of 

formula I wherein 

either R A is methoxymethyl and 

R 2 is methoxy or optionally protected hydroxy and there is a single bond between positions 23 and 24 or is 
25 absent and there is a double bond between positions 23 and 24; 
or Ri is optionally protected hydroxymethyl and 
R 2 is methoxy; and 

R3 is as defined above under formula I; 
in free form and, where such forms exist, in salt form. 
30 In a suitable group acyloxymethyi the acyl moiety preferably is of altogether 1 to 20, preferably 1 to 5 carbon 

atoms, e.g. formyl, acetyl, isobutanoyi, benzoyl or pivaloyl. It is preferably formyt. 

Suitable protecting groups for hydroxy and hydroxymethyl are conventional hydroxy-protecting groups 
such as tert-butoxycarbonyi or trial kylsilyl, preferably tert-butyldimethylsilyl. 

Optionally protected hydroxymethyl or hydroxy as defined above under formula I for R, and R 2 should 
35 herein not be understood as including a group R t or R 2 which is specified elsewhere in the definitions for formula 
I, such as acyloxymethyi, aminooxalyloxymethyl, fonmyloxy or methoxy. 

Protected amino preferably is amino protected by a conventional ami no-protecting group such as ben- 
zyl oxycarbonyl or trialkylsilyl; it especially is tert-butoxycarbonyl. 

Esterified carboxy preferably is esterified with alkyl of 1 to 4 carbon atoms, it especially is methoxycarbonyl. 
40 A "particular compound of the invention" preferably is in free form. It preferably is in unprotected form. 

Ri preferably is optionally protected hydroxymethyl. R 2 preferably is hydroxy. R3 preferably is ethyl or ally!. 

A further subgroup of particular compounds of the invention is the compounds of formula Is 
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wherein 

R 19 is methoxymethyl; hydroxymethyl optionally protected by tert-butyldimethylsilyl; benzoyloxymethyl; 
35 acyloxymethyl of 1 to 5 carbon atoms in the acyl moiety thereof, which optionally contains either a 
dimethylamino group which may optionally be quaternized or a carboxy group which may optionally be esterified 
by alkyl of 1 to 4 carbon atoms or an amino group which may optionally be protected by tert-butoxycarbonyi; 
or aminooxalyloxy methyl; 

either R 2s is methoxy, formyloxy or hydroxy optionally protected by tert-butyldimethylsilyl and there is a single 
40 bond between positions 23 and 24 

or Rfe is absent and there is a double bond between positions 23 and 24; and 
R3, Is ethyl or allyl, 

in free form and, where such forms exist, in salt form. 

The particular compounds of the invention can be obtained by a process comprising 
45 a) for the preparation of a compound of formula I wherein 

is hydroxymethyl, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 
or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined above under formula I 
so (i.e. a compound la), 

appropriately reducing a corresponding compound having a formyl group in position 32, i.e. a compound 
II, of formula II 
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wherein 

R 2 ' either is optionally protected hydroxy and there is a single bond between positions 23 and 24, or is 
35 absent and there is a double bond between positions 23 and 24, and 

R 3 is as defined above under formula I; 

b) for the preparation of a compound of formula I wherein 
Ri is protected hydroxymethyl, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 
40 or R 2 is absent and there is a double bond between positions 23 and 24, and 

R 3 is as defined above under formula I 
(i.e. a compound lb), 

appropriately introducing a protecting group into a compound la; 

c) for the preparation of a compound of formula I wherein 

45 R, is optionally protected hydroxymethyl or formyloxymethyl, 

either R 2 is formyioxy or optionally protected hydroxy and there is a single bond between positions 23 and 
24 

or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined above under formula I, 
so with the proviso that at least one of R t and R 2 is formyloxymethyl or, respectively, formyioxy 

(i.e. a compound Ic), 

appropriately formylating a corresponding compound of formula I wherein is optionally protected hyd- 
roxymethyl or formyloxymethyl, 

either R 2 is formyioxy or optionally protected hydroxy and there is a single between positions 23 and 24 
55 or R 2 is absent and there is a double bond between positions 23 and 24, and 

R 3 is as defined above under formula I, 

with the proviso that at least one of R, and R 2 is other than formyloxymethyl or, respectively, formyioxy 
(i.e. a compound Id); 

7 
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d) for the preparation of a compound of formula I wherein 
R t is aminooxalyloxymethyl, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 
or R 2 is absent and there is a double bond between positions 23 and 24, and 
5 R 3 is as defined above under formula I 

(i.e. a compound le), 

treating with an appropriate oxalyl derivative and thereafter with ammonia a corresponding compound la; 

e) for the preparation of a compound of formula I wherein 
R t is methoxymethyl or optionally protected hydroxymethyl, 

10 either R 2 is methoxy or optionally protected hydroxy and there is a single bond between positions 23 and 

24 

or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined above under formula I, 

with the proviso that at least one of R, and R 2 is methoxymethyl or, respectively, methoxy 
15 (i.e. a compound If), 

appropriately methylating a corresponding compound of formula I wherein 
Ri is optionally protected hydroxymethyl, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 
or R 2 is absent and there is a double bond between positions 23 and 24, and 
20 R 3 is as defined above under formula I 

(i.e. a compound Ig) 

f) for the preparation of a compound of formula I wherein 

Ri is acyloxymethyl wherein the acyl moiety optionally contains either a dimethyiamino group which may 

optionally be quaternized or a carboxy group which may optionally be esterified or one or more optionally 
25 protected amino and/or hydroxy groups, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 

or R 2 is absent and there is a double bond between positions 23 and 24, and 

R 3 is as defined above under formula I 

(i.e. a compound Ih), 
30 appropriately acylating a corresponding compound la, 

and if desired quaternizing a resultant compound Ih wherein R, contains a dimethyiamino group; 
and when a resultant compound of formula I has a protected hydroxy or hydroxymethyl and/or a protected amino 
group, optionally removing the protecting group(s) to give a corresponding compound of formula I having one 
or more unprotected hydroxy or hydroxymethyl and/or unprotected amino group(s) (i.e. a compound li); 
35 and recovering the resultant compound of formula I in free form or, where such forms exist, in salt form. 

The invention includes further the use of a compound of formula II as an intermediate, e.g. in the preparation 
of a compound of the invention as defined above, especially of a particular compound of the invention as defined 
above. 

A compound of formula II [which is a 12-(2'-cyclopentylvinyl)-1 1 ^S-dioxa^-azatricyclo^.S.I.O^^octacos- 
40 18-ene or -14,18-diene derivative according to the nomenclature in EP 184162] can be obtained by treating a 
compound of formula III 
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wherein 

Ri is hydroxy or methoxy, 

R 2 ' either is optionally protected hydroxy and there is a single bond between positions 23 and 24, or is absent 
40 and there is a double bond between positions 23 and 24, and 
R 3 is as defined above under formula I 

[which is a 12-(2'-cyciohexylvinyl)-1 1,28-dioxa-4-azatricydo[22.3.1 .0 4 9 ]-octacos-18-ene or -14,18-diene deri- 
vative according to the nomenclature in EP 184162] with an acid having a non-nucleophilic anion. 

This reaction is a ring contraction. It is effected e.g. as described above. 
45 It will be appreciated that process variants a) to f) and deprotection are thus illustrations of appropriate deri- 

vatization of the cyclopentyl compound obtained upon ring contraction. 

A compound of formula III can be obtained e.g. as described in EP 427680 by treating a corresponding 
33-hydroxy compound 

- either with cyanogen bromide in the presence of a base; 
so - or with thiophosgene, reacting the resultant product with an inorganic azide and allowing the resultant 

unstable intermediate having a group 



N N=C O 

II I 
N S 



in 33 position to decompose to a corresponding compound of formula III. 
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Insofar as their preparation is not specifically described herein, e.g. in the Examples, the compounds used 
as starting materials are known or can be obtained in conventional manner from known compounds, e.g. starting 
from appropriate Streptomyces strains such as Streptomyces tsukubaensis No. 9993 described in e.g. Fujisawa 
EP 184162. Samples can be obtained from the Fermentation Research Institute, Tsukuba, Ibaraki 305, Japan 
under provisions of the Budapest Treaty under deposit No. FERM BP-927 . This strain has been redeposited 
on April 27, 1989 with the Agricultural Research Culture Collection International Depository, Peoria, Illinois 
61604, USA under the provisions of the Budapest Treaty under deposit No. NRRL 1 8488 . 

The process variants leading to the "particular compounds of the invention" can be effected in conventional 
manner. 

Process variant a) is a reduction to the alcohol. It preferably is effected in an inert solvent, e.g. a cyclic 
ether. The reducing agent is e.g. lithium-B-isopinocamphenyl-2-borabicyclo [3.3.1]nonylhydride (R-Alpinhyd- 
ride™, Aldrich) in a cyclicether such as tetrahydrofuran, or borane-tert-butylamine complex in a mixture of water 
and tetrahydrofuran. Temperature preferably is low, e.g. of from about -1 00°C to about -20°C with R-Alpinhyd- 
ride™, preferably approximately -78°C, or of from about -50°C to about -20°C with borane tert-butyl amine com- 
plex, preferably about 0°C. Reduction can alternatively be effected with diphenylsilane using a catalyst such 
as a Wilkinson catalyst, preferably in an inert solvent such as an aromatic hydrocarbon, e.g. benzene. Dias- 
tereoisomeric mixtures (position 32) may be obtained which can, if desired, be fractionated in conventional man- 
ner, e.g. chromatographically. 

Process variant b) is an introduction of a protecting group. It may also be effected in conventional manner 
along similar lines. Thus for reactions involving a hydroxy group, particularly a hydroxy group in both position 
24 and on the substituent in position 32, selective protection of only one of the two free hydroxy groups or selec- 
tive deprotection of only one of the two protected hydroxy groups may be effected in such a manner that sub- 
stitution occurs only at the desired position. Reaction may however also be effected with both positions unpro- 
tected. Mixtures of end products may be obtained thereby; such mixtures can be separated in conventional 
manner, e.g. chromatographically. Resultant end products still containing protecting groups can be subse- 
quently deprotected, if desired. Reaction conditions may alternatively be selected such that simultaneously with 
or immediately after reaction the protecting groups are removed (one-pot process). Depending on the reaction 
conditions used, such as the duration of reaction, products are obtained which are predominantly monoprotec- 
ted in the substituent in position 32 or diprotected in position 24 and in the substituent in position 32. 

Process variant c) is a formylation. It is effected e.g. with a mixture of an oxalyi halogen ide, e.g. the chloride, 
and dimethylformamide (this mixture in solution in e.g. acetonitrile gives a Vitsmeyer complex). The reaction 
is effected at room or slightly reduced temperature, e.g. at from about room temperature to about 6°C. Formy- 
lation may also be effected with the mixed anhydride of acetic and formic acid. A protecting group may be sim- 
ultaneously removed. 

Process variant d) is an acylation. It is preferably effected in an inert solvent such as acetonitrile. Tem- 
perature preferably is about room temperature or somewhat reduced, e.g. from about 25° to about 0°C. The 
oxalyi derivative preferably is an oxalyi halogenide, e.g. the chloride. Upon completion of the reaction the mixt- 
ure is stirred with ammonia. Thereupon a double bond may be formed between positions 23 and 24. 

Process variant e) is a methylation. It preferably is effected in an inert solvent such as a chlorinated hyd- 
rocarbon, e.g. dichloromethane. The methylating agent preferably is diazomethane in the presence of a Lewis 
acid, e.g. borontrifluoride-etherate. Temperature preferably is from about 0°C to about room temperature. A 
protecting group may be simultaneously removed. 

Process variant f) is again an acylation. It preferably is effected in an inert solvent such as acetonitrile. The 
acylating agent preferably is an activated acyl derivative, such as an acyl halogenide or anhydride. An acid 
scavenger such as dimethylaminopyridine or pyridine is normally employed. Further, a carboxylic acid may be 
used, such as glycine protected at the amino moiety by e.g. tert-butoxycarbonyl, or a carbodiimide such as N- 
ethyl-N'-(3-dimethylaminopropyl)carbodiimide or N.N'-dicyclohexylcarbodiimide, where indicated in the pre- 
sence of a base such as 4-dimethylarninopyridine, preferably in an inert solvent such as acetonitrile or in a 
chlorinated hydrocarbon. An amino protecting group may subsequently be removed together with any hydroxy 
protecting group which may be present If in the starting compound la R 2 is hydroxy and there is a single bond 
between positions 23 and 24, upon acylation elimination of a water molecule in 23,24 position may occur and 
a final compound be formed wherein R 2 is absent and there is a double bond between positions 23 and 24. 

The optional subsequent quaternization step is also effected in conventional manner, e.g. by treatment with 
an alkyi iodide, preferably methyl iodide, in an inert solvent such as acetone. 

The optional deprotection step may also be effected in conventional manner. For removal of e.g. tert-butyl- 
dimethylsilyl or tert-butoxycarbonyl it may be effected by treatment with hydrofluoric acid in a solvent such as 
acetonitrile. Depending on the reaction conditions chosen (e.g. duration or temperature) the removal can be 
steered in such a manner that either all or only some protecting groups are eliminated. Partial deprotection is 
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particularly indicated where a definite hydroxy group is to be reacted in a subsequent reaction. 

The following Examples Qlustrate the invention. They are not limitative. All temperatures are in degrees 

Centigrade. In the NMR spectra all chemical shift values are in ppm; samples are measured in CDCI 3 . The fol- 
lowing abbreviations are used: 
5 BOC: tert-butoxycarbonyl; 

cfn colourless foamy resin: 

db: double bond; 

OMe (or MeO): methoxy; 

OtBDMS: tert-butyldimethylsilyioxy; 
10 sb: single bond; 

FK 506: the compound of formula 



15 



20 



25 



30 



35 



40 




45 • 

0CH 3 

i.e. 17a-allyl-1p,14a^ihydroxy-12-[2'-(4'^ 
vinyl]-23a,25p-dimethoxy-13a,19,21a,27p-tetramethyl-11 t 28- dioxa-4-azatricyclo[22.3.1.0*.9]octacos-18- 
50 trans-e ne-2,3 , 10,1 6-te trao ne 

(according to the atom numbering in EP 184162; however, in the Examples the atom numbering of formula I 
is used throughout); 

FR 520: as FK 506, but with -CH 2 CH 3 (ethyl) in place of ally! in position 21 in the formula; 
cyclopentyl-FK506: the compound of formula 
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CH2CH=CH2 



30 OCH 3 

cydopentyl-FR520: as cyclopentyl-FK506, but with -CH2CH3 (ethyl) in place of allyl in position 21 in the 
formula. 

35 

Example 1 : 32-Hydroxymethy1-cyclopenty1-FR520 

[Formula I: R 1 = hydroxymethyl; R 2 = hydroxy, single bond between positions 23 and 24; R 3 = ethyl] 

40 [Process variant a), reduction with a Wilkinson catalyst] 

A stirred solution of 26 g 32-formyl-cyclopentyl-FR520 (compound of formula II; Example 12 in EP 427 
680) in 150 ml of benzene is cooled to 15° and treated successively with 7.25 ml of diphenylsilane and thereafter 
with 200 mg of tris(phenylphosphine) rhodium (I) chloride and the cooling bath is removed immediately there- 

45 after. The resultant exothermic reaction occurs under increasing gas formation and temperature rises to 29°. 
40 minutes after addition the reaction mixture is extensively concentrated at a bath temperature not above 40° 
and a pressure of 30-40 mbar. The residue is taken up in 150 ml of acetonitrile, 5 ml of 40 % (w/w) aqueous 
hydrofluoric acid solution are added over 5 minutes and the mixture is stirred further for 25 minutes. The reaction 
mixture is poured onto a well stirred mixture of 850 ml of ethyl acetate and 500 ml of saturated aqueous sodium 

50 bicarbonate solution and the resultant solution is thoroughly mixed. The aqueous phase is separated and ext- 
racted with 1 00 ml of ethyl acetate. The combined organic phases are successively washed with 100 ml of satu- 
rated aqueous sodium chloride solution and twice with 100 ml portions of saturated aqueous sodium chloride 
solution, dried over sodium sulfate, filtered and the solvent is evaporated under reduced pressure. The residue 
is subjected to column chromatography (eluant: ethyl acetate / hexane 1:1) and the title compound is obtained 

55 as a diastereoisomeric mixture (cfr): 
Diastereo isomer A: 

1 H-NMR (approximately 2:1 mixture of conformers): 
main conformen 4.258 (d, J = 1 Hz, 10-OH); 
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minor conformed 4.813 (d, J = 1.5 Hz, 10-OH); 
13 C-NMR (approximately 2:1 mixture of conformers): 

main conformer 213.4 (C-22); 196.2 (C-9); 169.05 (C-1); 164.8 (C-8); 97.1 (C-10); 
Diastereoisomer B: 
s 1 H-NMR (approximately 2:1 mixture of conformers): 

main conformed 4.297 (d, J = 1 Hz, 10-OH); 

minor conformer 4.795 (d, J = 1 Hz, 10-OH); 
13 C-NMR (approximately 2:1 mixture of conformers): 

main conformer 213.4 (C-22); 196.12 (C-9); 169.05 (C-1); 164.74 (C-8); 97.13 (C-10). 
io The starting material is obtained as follows: 

a) A solution of 2 g 24-O-tert-butyldimethylsilyl-FR520 and 0.94 g 4-dimethylaminopyridine in 100 ml of 
dichloromethane is rapidly reacted at room temperature with a solution of 0.4 g cyanogen bromide in 15 
ml of dichloromethane and the mixture is stirred at room temperature for 20 minutes. The mixture is filtered 
over silicagel (eluant n-hexane/acetic acid ethyl ester) and the solvent is removed from the relevant fraction 

15 under reduced pressure. 24- O-tert- Butyl dim ethyls ilyl-33-O-cyano-FR 520 is obtained as a colourless 

foamy resin: 

1 H-NMR: mixture of rotamers: 4.3 (m; H-33); 

b) 0.5 g of the compound obtained under a) above is dissolved into a mixture of 50 ml of acetonitrile and 

2 ml of 40 % wt. aqueous hydrofluoric acid and the mixture is stirred for 2.5 hours at room temperature. 
20 The reaction mixture is then partitioned between acetic ethyl acetate and saturated aqueous sodium bicar- 
bonate solution, the aqueous phase is discarded and the organic phase is washed with saturated aqueous 
sodium chloride solution, dried over sodium sulfate, filtered and concentrated under reduced pressure. 32- 
Formyl-cyclopentyl-FR 520 is obtained as a colourless foamy resin from the residue by column 
chromatography over silicagel (eluant: n-hexane/ethyl acetate): 

25 1 H-NMR: mixture of conformers: 9.64 (d, J=2 Hz, CHO); 2.87 (m, H-32); 2.67 (m, H-30). 

Example 2 : 24-Q-tert-Butyldimethylsilyl-32-hydroxymethyl-cyclopentyl-FR 520 

[Formula I: R, = hydroxymethyl; R 2 = OtBDMS, single bond between positions 23 and 24; R 3 = ethyl] 

30 

[Process variant a), reduction with R-Alpinhydride™ or borane-tert-butylamine complex] 

A solution of 1 80 mg 24-0-tert-butyl-dlmethylsilyl-32-formyl-cyclopentyl-FR 520 (compound of formula 
II; Example 71 in EP 427680) in 15 ml of tetrahydrofuran is treated at -78° with 0.5 ml of a 0.5 M solution of 

35 lithium-B-isopinocamphenyl-2-borabicydo[3.3.1]nonylhydride (R-AI pin hydride™, Aldrich) in tetrahydrofuran 
and the mixture is stirred for 1 hour at that temperature. The reaction mixture is partitioned between 1 N HCI 
and ethyl acetate, the organic phase is separated, washed with 1 N HQ and saturated aqueous sodium chloride 
solution, dried over sodium sulfate, filtered and concentrated under reduced pressure. The residue is 
chromatographed by column chromatography over silicagel (eluant: n-hexane/ethyl acetate 1.5:1). The title 

40 compound is obtained (eft). 

In a variant the reaction is effected in 40 ml of tetrahydrofuran and 1 0 ml of water at 0-5° with 1 molar equiv- 
alent of borane-tert-butyt-amine complex. Stirring is maintained for 5 minutes at 0-5°, the reaction mixture is 
added to a mixture of 100 ml of 1 N hydrochloric acid and 150 ml of ethyl acetate and stirred for 15 minutes, 
the organic phase is separated and working up effected as above. The title compound is obtained: 

45 1 H-NMR: 5.42 (d, J = 9 Hz, H-29); 5.21 (d, J = 7.5 Hz; H-26); 4.81 (d, J = 10 Hz, H-20); 3.82 (dxd f J = 9 and 1 
Hz; H-14); 3.51 (m, CH 2 OH). 

The starting material Is obtained as follows: 

A solution of 0.5 g 32-fonmyl-cyclopentyl-FR 520 [compound obtained under b) in Example 1], 0.5 g tert- 
butyl-dimethylsilyl chloride and 0.25 g imidazole in 20 ml of dry dimethylformamide is stirred for 15 hours at 
so room temperature and thereafter partitioned between water and ethyl acetate. The organic phase is separated, 
washed with saturated aqueous sodium chloride solution, dried over sodium sulfate, filtered and concentrated 
under reduced pressure. 24-0-tert-Butyldimethylsily1-32-formyl-cyclopentyl-FR 520 is obtained from the 
residue as a colourless foamy resin following column chromatography over silicagel (eluant: n-hexane/ethyl 
acetate 2:1): 

55 1 H-NMR: mixture of rotamers: 9.65 (d, J = 2 Hz, CHO); 5.39 (d, J = 9 Hz, H-29); 5.01 (d, J = 7.5 Hz. H-26); 
4.81 (d, J = 10 Hz, H-20); 3.82 (dxd, J = 9/2 Hz, H-14). 
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Example 3 : 32-tert^Butyldlmethylsilyloxymethyl-cyclopentyl-FR 520 

[Formula I: R, = CH 2 OtBDMS; R 2 = hydroxy, single bond between positions 23 and 24; R3 = ethyl] 
[Process variant b), protection] 

A solution of 0.5 g 32-hydroxymethyt-cyclopentyJ-FR520 (compound of Example 1) in 30 ml of dimethyl- 
fomnamide is treated with 3 molar equivalents of tert-butyldimothylsilyl chloride and 3 molar equivalents of 
imidazole and the mixture is stirred for 2.5 hours at room temperature. The resultant mixture is partitioned be- 
tween ethyl acetate and water, the organic phase is decanted, dried over sodium sulfate, filtered and concen- 
trated. The title compound (cfr) is obtained from the residue by column chromatography over silicagel (eluant: 
n-hexane / ethyl acetate 3:1): 
iH-NMR: 

Diastereoisomer A: 5.34 (d, J = 2.5 Hz, H-26); 4.6 (db, J = 4 Hz, H-2); 4.44 (db, J = 13 Hz, H-6 equ.); 4.25 
(sb, 10-OH); 3.92 (m, H-24); 3.69 (d, J = 9 Hz, H-14); 3.59 (dxd, J = 2.5 and 10 Hz, 
H-15); 3.465 (d, J = 6 Hz. -CH 2 OSi); 3.40 and 3.31 (s and s. 2x-OCH 3 ); 0.9 (s, t-butyl); 
0.04 (s. Si-CH 3 ). 

Diastereoisomer B: 5.34 (d, J = 2.5 Hz, H-26); 4.6 (db, J = 4 Hz, H-2); 4.44 (db, J = 13 Hz, H-6 equ.); 4.20 
(sb, 10-OH); 3.92 (m, H-24); 3.69 (d, J = 9 Hz, H-14); 3.59 (dxd, J = 2.5 and 10 Hz, 
H-1 5); 3.465 (d, J = 6 Hz. -CH 2 OSi); 3.40 and 3.31 (s and s. 2x-OCH 3 ); 0.9 (s, t-butyl); 
0.04 (s, Si-CH 3 ). 

Example 4 : 24-Q-Formyl-32-formyloxymethyl-cyclopentyl-FR 520 

[Formula I: R<| = formyloxymethyl; R 2 = formyloxy. single bond between positions 23 and 24; R$ = ethyl] 
[Process variant c), formylation] 

A solution of 0.5 g 32-hyd roxymethyl-cy clopenty l-FR 520 (compound of Example 1) in 30 ml of acetonit- 
rile is treated with 0.5 g 4-dimethylaminopyridine and 0.3 ml of mixed formic/acetic anhydride and stirred at 
room temperature for 30 minutes. The mixture is partitioned between ethyl acetate and 1 N hydrochloric acid, 
the organic phase is decanted, washed with saturated aqueous sodium chloride solution, filtered and concen- 
trated under reduced pressure. The title compound (cfr) is obtained from the residue by column 
chromatography over silicagel (eluant n-hexane/ethyl acetate 2:1): 

1 H-NMR: mixture of conformers: 8.08 and 8.01 (s and s, 2x-OCHO); 4.90 (d, J = 9 Hz, H-20); 4.55 (m, H-2); 
4.44 (db, J = 13 Hz, H-6 equ.); 4.05 (d. J = 7.5 Hz. -CH 2 -OCO-); 3.77 (dxd, J = 9 and 1 Hz, H-14). 

Example 5 : a) 32-Amlnooxalyloxymethyl-24-dehydroxy-A 23 -cyclopentyl-FR 520 and 
b) 32-Aminooxalyloxymethyl-cyclopentyl-FR 520 ~—— 

[Formula I: R, = aminooxalyloxymethyi; R 2 = absent, double bond between positions 23 and 24 and, respect- 
ively, R 2 = hydroxy, single bond between positions 23 and 24; R 3 = ethyl] 

[Process variant d), treatment with oxalyl derivative and thereafter ammonia] 

0.5 g 24-0-tert-Butyldimethylsilyl-32-tert-butyldlmethylsilyloxymethyl-cyclopentyl-FR 520 (com- 
pound of Example 16) in 30 ml of acetonitrile is treated with 0.2 ml of oxalyl chloride and the mixture is stirred 
for 3 hours at room temperature. The reaction mixture is then added to a vigourously agitated mixture of 200 
ml of ethyl acetate, 20 ml of saturated aqueous ammonia solution and 100 ml of saturated aqueous sodium 
chloride solution and the solution stirred for 20 minutes. Undissolved components are filtered off, the organic 
phase is decanted, successively washed with water, 1 N hydrochloric acid and water, dried over sodium sulfate, 
filtered and concentrated under reduced pressure. The residue is taken up in 30 ml of acetonitrile, treated with 
1.5 ml of 40 % w/w aqueous hydrofluoric acid and the solution is stirred for 3 hours at room temperature. The 
solution is partitioned between ethyl acetate and saturated aqueous sodium bicarbonate solution, the organic 
phase is decanted, dried over sodium sulfate, filtered and concentrated. The title compounds (cfr) are obtained 
from the residue by column chromatography over silicagel (eluant: n-hexane/ethyl acetate 2:1): 
1 H-NMR: 

Compound a): mixture of conformers: 
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6.97 and 5.77 (b, -CONHa); 6.83 (dxd, J = 6 and 15 Hz. H-24); 6.18 (dxd, J = 1 and 15 Hz, H-23); 4.20 
(m, -CH 2 OC=0); 

Compound b): mixture of conformers: 

6.97 and 5.92 (b, -COIMHJ; 4.60 (d, J = 3 Hz, H-2); 4.44 (db, J = 1 3 Hz, H-6 equ.); 4.1 9 (m f -CH 2 OC=0); 
5 3.92 (m, H-24); 3.68 (d, J = 9 Hz, H-14); 3.40 and 3.32 (2x s, 2x-OCH 3 ). 

Example 6 : 24-Methoxy-32-methoxymethyl-cyclopentyl-FR 520 

[Formula I: R, = methoxymethyf; R 2 = methoxy, single bond between positions 23 and 24; R3 = ethyl] 

10 

Process variant e), methylation] 

A solution of 1 g 32-hydroxymethyl-cyclopentyi-FR 520 (compound of Example 1) and 0.04 ml of borot- 
rifluoride etherate in 50 ml of dichloromethane is cooled to 0-5° and treated with portions of a 10 ml solution 

15 (approximately 0.5 M) of diazomethane in dichloromethane in such a manner that the initial yellow coloration 
which forms upon addition persists for as shortly as possible. The mixture is then partitioned between ethyl 
acetate and saturated aqueous sodium bicarbonate solution, the organic phase is decanted, dried over sodium 
sulfate, filtered and concentrated. The title compound (cfr) is obtained from the residue by column 
chromatography over silicagel (eluant n-hexane/ethyl acetate 2:1): 

20 1 H-NMR: mixture of conformers: 

5.37 (d, J = 8.8 Hz; H-29); 5.18 (d. J = 7.6 Hz. H-26); 4.77 (d, J = 10.2 Hz. H-20); 3.81 (dxd, J = 9.7/1 Hz, H-14); 
2.67 (dxd, J = 13.5/8.4 Hz, H-23). 

Example 7 : 24-0-tert-Butyldimethylsilyl-32-lsobutanoyloxymethyl-cyclopenty{-FR 520 

25 

[Formula I: Rj = isobutanoyloxymethyl; R 2 = OtBDMS, single bond between positions 23 and 24; R3 = ethyl] 
Process variant f). acyiation] 

30 0.5 g 24-0-tert-buty1dimethylsilyl-32-hydroxymothyl-cyclopentyl-FR 520 (compound of Example 2) 

and 0.5 g dimethylaminopyridine in 30 ml of acetonitrile are treated with 0.3 ml of isobutyric acid anhydride and 
the mixture is stirred for 4 hours at room temperature. The mixture is then partitioned between ethyl acetate 
and 1 N aqueous hydrochloric acid solution, the organic phase is decanted, washed with saturated aqueous 
sodium chloride solution, filtered and concentrated under reduced pressure The title compound (cfr) is 

35 obtained from the residue by column chromatography over silicagel (eluant n-hexane/ethyl acetate 3:1): 
1 H-NMR: mixture of conformers 

3.95 (d. J = 7 Hz, -CH 2 OCO-); 2.55 [sept. J = 7 Hz, H-C(CH 3 )2]; 1.17 (d. J = 7 Hz, 2x-CH 3 ). 

Example 8 : 24-0-tert-Butyldimethytsilyl-32-[N > N-dimethylamino)methyll-carbonyloxymethyl-cyclopen- 
40 tyl-FR 520 

[Formula I: = [(N,N-dimethylamino)methyt]carbonyloxymethyl; R 2 = OtBDMS, single bond between posi- 
tions 23 and 24; R 3 = ethyl] 

45 Process variant f), acyiation] 

A solution of 1 g 24-0-tert-butyldimethylsilyl-32-hydroxymethyl-cyclopentyl-FR 520 (compound of 
Example 2) in 35 ml of absolute pyridine is treated with 1.2 equivalent of N.N'-dicyclohexylcarbodiimide, 1.2 
equivalent of N.N-dimethylglycine and 0.2 equivalent of p-toluenesulfonic acid monohydrate and the mixture 

50 is stirred for 15 hours at room temperature. The reaction mixture is then partitioned between water and ethyl 
acetate, the organic phase is decanted, successively washed with 1 N hydrochloric acid solution and saturated 
aqueous sodium chloride solution, dried over sodium sulfate, filtered and concentrated under reduced pressure. 
The title compound (cfr) is obtained from the residue by a column chromatography over silicagel (eluant ethyl 
acetate/methanol 20:1): 

55 Characterization data: deprotection gives the compound of Example 20. 
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Example 9 : 32-[N-tert-Butoxycarbonylamlno)meth^ 
cyclopentyl-FR 520 

[Formula I: R, = BOC-NHCH 2 COOCHz-; R 2 = OtBDMS, single bond between positions 23 and 24; R 3 = ethyl] 

5 

[Process variant f), acylation] 

A solution of 0.5 g 24-O-tert-butyl dime thy I silyi-32-hydroxy-methyl-cy elope ntyl-FR 520 (compound of 
Example 2), 0.3 g N-BOC-glycine and 0.5 g dicydohexylcarbodiimide in 30 ml of acetonitrile is stirred at room 

10 temperature for 8 hours. The mixture is then diluted with 30 ml of ether and insoluble compounds are filtered 
off. The solution is then partitioned between ethyl acetate and aqueous 1 N hydrochloric acid solution, the 
organic phase is decanted, washed with saturated aqueous sodium chloride solution, filtered, dried over sodium 
sulfate and concentrated under reduced pressure. The title compound (cfr) is obtained from the residue by 
column chromatography over silicagel (eluant: n-hexane/ethyl acetate 3:1): 

15 1 H-N MR: mixture of conformers: 

4.81 (d, J = 10 Hz, H-20); 4.44 (H-2); 4.42 (H-6 equ.); 4.03 (d, J = 7 Hz, -CH 2 OC=0); 3.91 (d, J = 6 Hz, 
-NH-CH 2 C=0); 3.82 (dxd, J = 1.5 and 9 Hz. H-14); 3.40 and 3.32 (s and s, 2x-OCH 3 ); 1.46 (s, t-butyl-OOO); 
0.87 (s, t-butyl-Si). 

20 Example 10 : 32-[N,N,N-Trimethylammonlomethyl)carbonyloxymethyl-cyclopentyl-FR 520 Iodide 

[Formula I: R 1 = (H 3 C) 3 N+CH 2 COOCH2-; R 2 = OH, single bond between positions 23 and 24; R 3 = ethyl; in 
iodide quaternary ammonium salt form] 

25 [Process variant f): optional quatemization] 

A solution of 0.5 g 32-( N, N-dimethy am In omethyl)carbonyloxy me thyl-cy elope ntyl-FR 520 (compound 
of Example 20) in 25 ml of acetone and 10 ml of diethylether is treated at room temperature and in darkness 
with 0.5 ml of methyl iodide and the solution is stirred for 8 hours. Then the reaction mixture is diluted with sev- 
30 eral portions of diethyl ether, the precipitate is collected by suction, repeatedly washed with diethylether and 
dried under high vaccum. The title compound is obtained (light yellow amorphous powder): 
1 H-NMR: mixture of conformers: 

3.66 (s, NKCHak*); 4.99 (sb, N-CH^CO). 

35 Example 11 : 32-lsobutanoyloxymethyl-cyclopentyl-FR 520 

[Formula I: R 1 = isobutanoyloxymethyl; R 2 = OH, single bond between positions 23 and 24; R 3 = ethyl) 

Process variant: de protection] 

40 

A solution of 0.8 g 24-0-tert-butyldimethylsilyl-32-isobutanoyl-oxymethyl-cyclopentyl-FR 520 (com- 
pound of Example 7) in 40 ml of acetonitrile is treated with 2.5 ml of 40 % w/w hydrofluoric acid solution and 
the mixture is stirred for 6 hours at room temperature. The reaction mixture is then partitioned between ethyl 
acetate and saturated aqueous sodium bicarbonate solution, the organic phase is decanted, dried over sodium 
45 sulfate, filtered and concentrated. The title compound (cfr) is obtained from the residue by column 
chromatography over silicagel (eluant n-hexane/ethyl acetate 2:1): 
1 H-N MR: See Example 21. 
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The compounds of the invention possess pharmacological activity. They are indicated for use as phar- 
maceuticals. 

In particular they possess immunosuppressant and antiproliferative, and antiinflammatory activity. 
Antiinflammatory activity may e.g. be determined in the following test methods: 

5 

1. Oxazolone-induced allergic contact dermatitis (mouse) 

[the test method is as described in F.M. Dietrich and R. Hess, Int. Arch .Allergy 38 (1970) 246-259]: 

10 The compounds elicit in this test an activity (inhibition of inflammatory swelling) between about 20 % and 

about 63 % upon a single topical application as a 0.01 % solution. 

2. DNFB-induced allergic contact dermatitis (domestic pig) 

15 (the test method is as described in e.g. EP 315978): 

Two topical applications of a 0.4 % formulation of the compounds result in inhibition of the inflammatory 
reaction by from about 16 % to about 52 %. 

20 3. Inhibition of phorbol ester (TPA) - induced irritant contact dermatitis (mouse) 

(the test method is as described in e.g. EP 315978): 

The compounds elicit in this test upon single application of a 3.6 % formulation an inhibition of the inflam- 
25 matory reaction of from about 10 % to about 30 %. 

Immunosuppressant and antiproliferative activity may e.g. be determined in the following test methods: 

1. Proliferative response of lymphocytes to allogen stimulation in the mixed lymphocyte reaction (MLR) in 
vitro 

30 

[T. Meo, The MLR in the Mouse", Immunological Methods , L. Lefkovits and B. Pernis, Eds., Academic 
Press, N.Y. (1979), 227-239]: 

The compounds elicit in this test suppression of mixed lymphocytes (IC50) at a dosage of from about < 
35 0.0008 u.g/ml to about 0.09 u.g/ml. 

2. Inhibition of the primary humoral immune response to sheep erythrocytes in vitro 

[the test method is as described in R.I. Mishell and R.W. Dutton, Science 153 (1966) 1004-1006; R.I. Mis- 
40 hell and R.W. Dutton, J.Exp.Med. 126 (1967) 423-442]: 

The compounds are active in this test with an IC50 of from about 0.0024 ug/ml to about 0.32 ng/ml. 

3. Inhibition of proliferation of human keratinocytes 

45 

(the test method is as described in e.g. EP 315978): 

The compounds are active in this test at concentrations of from about 1 ug/ml to about 10 ug/ml, resulting 
in an inhibition of from about 30 % to about 90 %. 

50 The compound of Examples 1 and 12 (32-hydroxymethyl-cyclopentyl-FR 520) is the preferred compound 

as an immunosuppressant agent. It has, for example, been determined that in the above DNFB allergic contact 
dermatitis (domestic pig) test this compound in the form of a 0.4 % preparation has better activity than a cor- 
responding 1.2 % preparation of dexamethasone. It is, therefore, indicated that for this indication the compound 
of Examples 1 and 12 may be administered to larger mammals, for example humans, by similar modes of 

55 administration at similar or lower dosages than conventionally employed with dexamethasone. 

The compounds of the invention in free form and where such forms exist in pharmaceutically acceptable 
salt form are therefore indicated as immunosuppressant and antiproliferative agents and as antiinflammatory 
agents for use in the prevention and treatment of conditions requiring immunosuppression and of inflammatory 
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conditions, such as 

a) the prevention and treatment of 

- resistance in situations of organ or tissue transplantation, e.g. of heart, kidney, liver, bone marrow 
and skin, 

5 - graft-versus-host disease, such as following bone marrow grafts, 

- autoimmune diseases such as rheumatoid arthritis, systemic Lupus erythematosus, Hashimoto's 
thyroidis, multiple sclerosis, Myasthenia gravis, diabetes type I and uveitis, 

- skin manifestations of immunological ly-mediated disorders; 

b) the treatment of inflammatory and hyperproliferative skin diseases, such as psoriasis, atopica! dermatitis, 
10 contact dermatitis and further eczematous dermatoses, seborrhoeic dermatitis, Lichen planus, Pemphigus, 

bullous Pemphigoid, Epidermolysis bullosa, urticaria, angioedemas, vasculitides, erythemas, cutaneous 
eosinophilias. Lupus erythematosus and acne; and 

c) Alopecia areata. 

The compounds may be administered systemically or topically. For the above indications the appropriate 
15 dosage will, of course, vary depending upon, for example, the host, the mode of administration and the nature 
and severity of the condition being treated. However, in general, satisfactory results are indicated to be obtained 
systemically at daily dosages of from about 0.15 mg/kg to about 1.5 mg/kg animal body weight. An indicated 
daily dosage in the larger mammal is in the range from about 0.01 mg to about 100 mg, conveniently adminis- 
tered, for example, in divided doses up to four times a day or in retard form. For topical use satisfactory results 
20 are obtained with local administration of a 1 to 3 % concentration of active substance several times daily, e.g. 
2 to 5 times daily. Examples of indicated galenical forms are lotions, gels and creams. 

The compounds of the invention may be administered by any conventional route, in particular enterally, 
e.g. orally, e.g. in the form of tablets or capsules, or topically, e.g. in the form of lotions, gels or creams. 

Pharmaceutical compositions e.g. for topical application comprising a compound of the invention in free 
25 form or where such forms exist in pharmaceutical! y acceptable salt form in association with at least one phar- 
maceutical acceptable carrier or diluent may be manufactured in conventional manner by mixing with a phar- 
maceutical^ acceptable carrier or diluent Unit dosage forms contain, for example, from about 0.0025 mg to 
about 50 mg of active substance. 

Topical administration is e.g. to the skin. A further form of topical administration is to the eye, for the treat- 
30 ment of immune-mediated conditions of the eye, such as: auto-immune diseases, e.g. uveitis, keratoplasty and 
chronic keratitis; allergic conditions, e.g. vernal conjunctivitis; inflammatory conditions and corneal transplants, 
by the topical administration to the eye surface of a compound of the invention in a pharmaceutically acceptable 
ophthalmic vehicle. 

The ophthalmic vehicle is such that the compound is maintained in contact with the ocular surface for a 
35 sufficient time period to allow the compound to penetrate the corneal and internal regions of the eye, e.g. the 
anterior chamber, posterior chamber, vitreous body, aqueous humor, vitreous humor, cornea, iris/ciliary, lens, 
choroid/retina and sclera. 

The pharmaceutically acceptable ophthalmic vehicle may be e.g. an ointment, vegetable oil, or an encap- 
sulating material. 

40 Whilst the antiinflammatory and immunosuppressant and antiproliferative activity is the main activity of the 

compounds of the invention they also possesses some degree of activity in increasing sensitivity to, or in 
increasing the efficacy of, chemotherapeutic drug therapy. This activity may e.g. be determined according to 
the test methods described in EP 360760. 

The compounds of the invention are therefore indicated for use in reversing chemotherapeutic drug resi- 

45 stance of varying types, e.g. acquired or innate, or in increasing sensitivity to administered drug therapy, e.g. 
as a means of reducing regular chemotherapeutic dosage levels, for example in the case of antineoplastic or 
cytostatic drug therapy, as a means of decreasing overall drug toxicity and, more especially, as a means of 
reversing or reducing resistance, including both inherent and acquired resistance, to chemotherapy. 

The invention thus also concerns the use of a compound of the invention as a pharmaceutical, a such com- 

50 pound for use as a pharmaceutical, the use of a such compound for the preparation of a pharmaceutical com- 
positon which comprises mixing with at least one pharmaceutically acceptable carrier or diluent, and a process 
for the preparation of a pharmaceutical composition which comprises mixing a compound of the invention 
together with at least one pharmaceutically acceptable carrier or diluent 

55 

Claims 

1. A ^-(^-cydopentylvinylHI^a-dioxa^-azatricydo^.S.l.^loctacos-IS-ene or-14,18-diene 
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or an 1H2'-cyclopentyl vinyl)- 10,27-dioxa-4-azatri^ or-13,17-diene deri- 

vative, 

with the proviso that the cyclopentyi moiety thereof is other than 3-formylcyclopentyl. 
A compound according to claim 1 which is 

a 17-a!kyl (or 17-alkenyl)-1-hydroxy-14-oxy-12-(2'-cyclopentyl-1'-methyl-trans-vinyl)-23,25-dimethoxy- 
1 3,1 9,21 ,27-tetramethyM 1 ,28-dioxa-4-azatricyclo[22.3.1 .0 49 ]octacos-1 8- trans-en e-2, 3,1 0,1 6-tetraone 
or 17-alkyl (or 17-alkenyl)-1 -hydroxy- 12-(2'-cyclopen^ 

27-tetramethyi-1 1,28-dioxa-4-a2atricyclo[22.3.1.0 4 .»]octacos-14 f 18- trans-diene (or -18-trans-one)- 
2,3,10,16-tetraone derivative, 

with the proviso that the cyclopentyi moiety thereof is other than 3-formylcyclopentyl. 
A compound according to claim 1 which is 

a 17a-alkyl (or 17a-alkenyl)-ip-hydroxy-14a-oxy-12-[2Xcydopent-1"(R)-yl)-1 , -methyl-trans-vinyl]-23a, 
25p-dirnethoxy-13a,19,21a,27(5-tetramethyl-1 1 ,28-dioxa-4-azatricyclo [22.3.1.0*. 9 ]octacos-18-trans-ene- 
9aH.24pH-2,3, 1 0, 1 6-tetraone 

or 1 7a-alkyl (or 1 7a-alkenyl)-1 p-hydroxy-1 2-[2'-(cyclopent-1 "(R)-y|)-1 '-methyl-trans-vinyl]-23a,25p-dime- 
thoxy-13a,19,21a,27p-tetramethyl-11,28-dioxa-4-azatricyclo pZS.I.O^Joctacos-U.IS-trans-diene (or - 
18-trans-ene)-9aH,24pH-2,3,1 0,1 6-tetraone derivative, 

with the proviso that the cyclopentyi moiety thereof is other than 3-formylcyclopentyl. 
A compound according to claim 1 of formula I 




0CH 3 



wherein 

Ri is methoxymethyl; optionally protected hydroxymethyl; acyloxymethyi wherein the acyl moiety 
optionally contains either a dimethylamino group which may optionally be quaternized, or a carboxy group 
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which may optionally be esterified, or one or more amino and/or hydroxy groups which may optionally be 
protected; or aminooxalyloxymethyl; 

either R 2 is methoxy, formyloxy or optionally protected hydroxy and there is a single bond between posi- 
tions 23 and 24 

or R 2 is absent and there is a double bond between positions 23 and 24; and 

R 3 is methyl, ethyl, n-propyl or ally I; 

in free form and, where such forms exist, in salt form. 

A compound according to claim 1 which is a compound Ip,, i.e. a compound of formula I as defined in 

claim 4 wherein 

R-i is hydroxymethyl; 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 
or R 2 is absent and there is a double bond between positions 23 and 24; and 
R 3 is as defined in claim 4 under formula I. 

A compound according to claim 1 which is a compound lp 2i i.e. a compound of formula I as defined in 
claim 4 wherein 

Ri is optionally protected hydroxymethyl; 

R 2 is as defined in this claim for compounds lp 1 ; and 

R 3 is as defined in claim 4 under formula I; 

in free form and, where such forms exist, in salt form. 

A compound according to claim 1 which is a compound lp 3 , i.e. a compound of formula I as defined in 
claim 4 wherein 

Ri is the acyloxymethyi group formyioxymethyl; 

either R 2 is formyloxy or optionally protected hydroxy and there is a single bond between positions 23 and 
24 

or R 2 is absent and there is a double bond between positions 23 and 24; and 

R 3 is as defined in claim 4 under formula I, 

in free form and, where such forms exist, in salt form. 

A compound according to claim 1 which is a compound lp 4 , i.e. a compound of formula I as defined in 
claim 4 wherein 

Ri is acyloxymethyi wherein the acyl moiety optionally contains either a dimethylamino group which may 

optionally be quatemized, or one or more amino and/or hydroxy groups which may optionally be protected; 

R 2 is as defined in this claim for compounds Ip^ and 

R 3 is as defined in claim 4 under formula I; 

in free form and, where such forms exist, in salt form. 

A compound according to claim 1 which is a compound lp 6 , i.e. a compound of formula I as defined in 

claim 4 wherein 

Ri is aminooxalyloxymethyl; 

R 2 is as defined in this claim for compounds Ip^ and 

R 3 is as defined in claim 4 under formula I; 

in free form and, where such forms exist, in salt form. 

A compound according to claim 1 which is a compound lp 6 , i.e. a compound of formula I as defined in 

claim 1 wherein 

either is methoxymethyl and 

R 2 is methoxy or optionally protected hydroxy and there is a single bond between positions 23 and 24 or 
is absent and there is a double bond between positions 23 and 24; 
or R-i is optionally protected hydroxymethyl and 
R 2 is methoxy; and 

R 3 is as defined in claim 4 under formula I; 

in free form and, where such forms exist, in salt form. 

A compound according to claim 1 of formula Is 
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wherein 

R 1s is methoxy methyl; hydroxymethyt optionally protected by tert-butyldimethylsilyl; benzoyloxymethyl; 
35 acyloxy methyl of 1 to 5 carbon atoms in the acyl moiety thereof, which optionally contains either a 

dimethylamino group which may optionally be quaternized or a carboxy group which may optionally be 
esterified by alkyl of 1 to 4 carbon atoms or an amino group which may optionally be protected by tert- 
butoxycarbonyl; or aminooxalyioxymethyl; 

either R 2s is methoxy, formyloxy or hydroxy optionally protected by tert-butyldimethylsilyl and there is a 
40 single bond between positions 23 and 24 

or is absent and there is a double bond between positions 23 and 24; and 
Ras is ethyl or ally!, 

in free form and, where such forms exist, in salt form. 
45 12. The compound according to claim 1 which is 32-hydroxymethyl-cyclopentyl-FR520. 

13. The compound according to claim 1 which is 

either 24-O-tert-butyldimethylsilyl-32-hydroxymethyl-cyclopentyl-FR520 f 

or 32-tert-butyldimethylsilyloxymethyl-cyclopentyl-FR520, 
so or 24-O-formyl-32-formyloxymethyl-cyclopentyl-FR520, 

or 32-aminooxalyloxymethyl-24-dehydroxy-A 23 -cyclopentyl-FR520, 

or 32-aminooxalyloxymethyl-cyclopentyl-FR520, 

or 24-methoxy-32-methoxymethyl-cyclopentyl-FR520, 

or 24-0-tert-butyldimethylsilyl-32-isobutanoyloxymethyl-cy elope ntyl-FR520, 
55 or24<)-tert-butyldimethyisilyl-32-[(N t N^ 

or 32-{N-tert-butDocycaubo 

or 32-<N,N,N-m'methylammoniomethyl)carbonyloxymethyl-cyclopentyl-FR520 iodide, 
or 32-isobutanoyloxymethyl-cyclopentyl-FR520, 
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in free form and, where such forms exist, in salt form. 

14. The compound according to daim 1 of formula I wherein R t is hydroxymethyl and 
either R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is ethyl, 

or R 2 is hydroxy and there is a single bond between positions 23 and 24, and 
R 3 is ally!, 

in free form and, where such forms exist, in salt form. 

15. The compound according to claim 1 of formula I wherein there is a single bond between positions 23 and 
24, R 3 is ethyl and either Ri is -CH 2 OtBDMS and R 2 is OtBDMS, 

or Ri is benzoyloxymethyi and R 2 is OtBDMS, 

or R, is acetoxymethyl and R 2 is OtBDMS, 

or Ri is pivaloyloxymethyl and R 2 is OtBDMS, 

or Ri is (H 3 C) 2 NCH 2 COOCH 2 - and R 2 is OH, 

or Ri is isobutanoyloxymethyl and R 2 is OH, 

or Ri is benzoyloxymethyi and R 2 is OH, 

or Ri is acetoxymethyl and R 2 is OH, 

or R, is pivaloyloxymethyl and R 2 is OH, 

or Ri is BOC-NHCH 2 COOCH 2 - and R 2 is OH, 

or Ri is HOOC(CH 2 ) 2 COOCH 2 - and R 2 is OtBDMS, 

or Ri is HaCOOCtCHzfcCOOCHz- and R 2 is OtBDMS, 

or R, is HOOC(CH 2 ) 2 COOCH 2 - and R 2 is OH, 

or Ri is H3COOC(CH2) 2 COOCH 2 - and R 2 is OH, 

or R, is H 2 NCH 2 COOCH 2 - and R 2 is OH, 

in free form and, where such forms exist, in salt form. 

16. A process for the preparation of a compound according to claim 1 which comprises subjecting a suitable 
1 2-(2'-cydohexylvinyl)-1 I^S-dioxa^-azatricyclo^.S.I.CH ^octacos-IS-ene or -14, 18-diene or a suitable 
11-(2'-cydohexylvinyf)-10,27KJto^^ or -13,17-diene derivative 
to ring contraction and appropriately derivatizing the resultant cydopentyl compound. 

17. A process according to claim 1 6 for the preparation of a compound of formula I as defined in daim 4 com- 
prising 

a) for the preparation of a compound of formula I wherein 
Ri is hydroxymethyl, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 
or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined in daim 4 under formula I 
(i.e. a compound la), 

appropriately reducing a corresponding compound of formula II 
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II 



30 OCH 3 
wherein 

R 2 ' either is optionally protected hydroxy and there is a single bond between positions 23 and 24, or is 
35 absent and there is a double bond between positions 23 and 24, and 

R 3 is as defined in claim 4 under formula I; 

b) for the preparation of a compound of formula I wherein 
Ri is protected hydroxymethyi, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 
40 or R 2 is absent and there is a double bond between positions 23 and 24, and 

R 3 is as defined in claim 4 under formula l t appropriately introducing a protecting group into a compound 
la; 

c) for the preparation of a compound of formula I wherein 

R-, is optionally protected hydroxymethyi or formyloxymethyl, 
45 either R 2 is formyloxy or optionally protected hydroxy and there is a single bond between positions 23 

and 24 

or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined in claim 4 under formula I, 

with the proviso that at least one of R, and R 2 is formyloxymethyl or, respectively, formyloxy, 
50 appropriately formyfating a corresponding compound of formula I wherein 

R 1 is optionally protected hydroxymethyi or formyloxymethyl, 

either R 2 is formyloxy or optionally protected hydroxy and there is a single between positions 23 and 
24 

or R 2 is absent and there is a double bond between positions 23 and 24, and 
55 R 3 is as defined in claim 4 under formula I, 

with the proviso that at least one of and R 2 is other than formyloxymethyl or, respectively, formyloxy; 

d) for the preparation of a compound of formula I wherein 
Ri is aminooxalyloxy methyl, 
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either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 
or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined in claim 4 under formula I, 

treating with an appropriate oxalyl derivative and thereafter with ammonia a corresponding compound 
la; 

e) for the preparation of a compound of formula I wherein 
Ri is methoxymethyl or optionally protected hydroxymethyl, 

either R 2 is methoxy or optionally protected hydroxy and there is a single bond between positions 23 
and 24 

or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined in claim 4 under formula I, 

with the proviso that at least one of R^ and R 2 is methoxymethyl or, respectively, methoxy, 
appropriately methylating a corresponding compound of formula I wherein 
Ri is optionally protected hydroxymethyl, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 

or R 2 is absent and there is a double bond between positions 23 and 24, and 

R 3 is as defined in claim 4 under formula I; 

0 for the preparation of a compound of formula I wherein 

Ri is acyloxymethyl wherein the acyl moiety optionally contains either a dimethylamino group which may 
optionally be quatemized or a carboxy group which may optionally be esterified or one or more optionally 
protected amino and/or hydroxy groups, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 
or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined in claim 4 under formula I 
(i.e. a compound Ih), 

appropriately acyiating a corresponding compound la, 

and if desired quaternizing a resultant compound Ih wherein R 1 contains a dimethylamino group; 
and when a resultant compound of formula I has a protected hydroxy or hydroxymethyl and/or a protected 
amino group, optionally removing the protecting group(s) to give a corresponding compound of formula I 
having one or more unprotected hydroxy or hydroxymethyl and/or unprotected amino group(s); 
and recovering the resultant compound of formula I in free form or, where such forms exist, in salt form. 

18. A pharmaceutical composition comprising a compound according to claim 1 in association with at least 
one pharmaceutically acceptable carrier or diluent. 

19. A compound according to claim 1 for use as a pharmaceutical. 

20. Use of a compound according to claim 1 for the preparation of a pharmaceutical composition which com- 
prises mixing with at least one pharmaceutically acceptable carrier or diluent. . 

21. A process for the preparation of a pharmaceutical composition which comprises mixing a compound 
according to claim 1 together with at least one pharmaceutically acceptable carrier or diluent. 

22. Use as an intermediate of the cyclopentyl compound resulting from subjecting a suitable 1 2-(2'-cyclohexyl- 
vinylH1.28-dioxa-4-azatricydo[22.3.1.0*^octacos-18-ene or -14,18-diene or a suitable 11-(2'-cyc- 
lohexylviny!)-10,27-dioxa-4-azatricyclo[22.3.1.0 4 ' 8 ]heptacos-17-ene or -13,17-diene derivative to ring 
contraction. 

23. Use as an intermediate according to claim 22 of a compound of formula II as defined in claim 17. 

Claims for the following Contracting States: ES and GR 

1. A process for the preparation of 

a 12-(2'-cydopentylvinyl)-1 1 f 28-dioxa-4-azamcydo[22.3.1.0*. 9 ]octacos-18-ene or -14,18-diene 
or an 1 1 -<2'-cyclopentylvinyl)-1 0,27-dioxa-4-azatricyclo[21 .3. 1 .O^jheptacos-I 7-ene or -13, 1 7-diene deri- 
vative, 

with the proviso that the cydopentyl moiety thereof is other than 3-formylcyclopentyl, 

which comprises subjecting a suitable 12-(2'-cydohexylvinyt)-1 I^S-dioxa^-azatricydo^.S.I.O^octa- 
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cos-18-ene or -14,18-diene or a suitable 11-(2'-cyclohexylvinyi)-10 f 27-<ltoxa-4-azatricyclo [22.3.1.0 4 * 8 ] 
heptacos-17-ene or-13 p 17-diene derivative to ring contraction and appropriately derivatizing the resultant 
cydopentyl compound. 

A process according to claim 1 for the preparation of 

a 17-alkyl (or 17-alkenyl)-1-hydroxy-14-oxy-12-<2'-cyclopentyl-1'-methyl-trans-vinyl)-23,25-dimethoxy- 
1 3,19,21 ,27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.0 4 - 9 ]octacos-18- trans-ene-2,3,10,16-tetraone 
or 17-alkyl (or 17-alkenyl )-1-hydroxy-12-(2 '-cydopentyl- 1'-methyl-trans-vinyl)-23 ,25-d imethoxy- 13,19,21, 
27-tetramethyl-11,28-dioxa-4-azatricyclo[22.3.1.0 4 - 9 }octacos-14,18- trans-diene (or -1 8-trans-ene)-2,3, 
10,16-tetraone derivative, 

with the proviso that the cydopentyl moiety thereof is other than 3-fonmylcydopentyl. 
A process according to claim 1 for the preparation of 

a 17a-alkyl (or 17a-alkenyl)-ip-hydroxy-14a-oxy-12-[2'^cydopent-1 w (R)-yl)-1'-methyl-trans-vinyl]-23a^ 
25p-dimethoxy-13a,19 l 21a,27p-tetramethyl-1 1 ,28-dioxa-4-azatricydo [22.3.1.0*. d ]octacos-18-trans-ene- 
9aH,24pH-2,3,10,16-tetraone 

or 17a-alkyl (or 17a-a!kenyl)-ip-hydroxy-1 2-[2'-(cyclo pent- 1"(R)-yl)-1 '-methyl-trans-vinyl]-23a,25p-d ime- 
thoxy- 13a, 19,2 1a, 27p-tetramethyl- 11, 28-dioxa-4-azatricy do ^.S.I.^Joctacos-^.IS-trans-diene (or - 
18-trans-ene)-9aH,24pH-2,3,10,16-tetraone derivative, 

with the proviso that the cydopentyl moiety thereof is other than 3-formylcydopentyl. 
A process according to claim 1 for the preparation of a compound of formula I 




I 



OCH 3 



wherein 

R t is methoxymethyl; optionally protected hydroxymethyl; acyloxymethyl wherein the acyl moiety 
optionally contains either a dimethylamino group which may optionally be quaternized, or a carboxy group 
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which may optionally be esterified, or one or more amino and/or hydroxy groups which may optionally be 
protected; or aminooxalyloxymethyl; 

either R 2 is methoxy, formyloxy or optionally protected hydroxy and there is a single bond between posi- 
tions 23 and 24 

or R 2 is absent and there is a double bond between positions 23 and 24; and 
R 3 is methyl, ethyl, n-propyl or allyl; 

in free form and, where such forms exist, in salt form, which comprises 
a) for the preparation of a compound of formula I wherein 
Ri is hydroxymethyl, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 
or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined in this claim under formula I 
(i.e. a compound la), 

appropriately reducing a corresponding compound of formula II 




II 



OCH 3 



wherein 

R 2 ' either is optionally protected hydroxy and there is a single bond between positions 23 and 24, or is 
absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined in this claim under formula I; 

b) for the preparation of a compound of formula I wherein 
Ri is protected hydroxymethyl, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 

or R 2 is absent and there is a double bond between positions 23 and 24, and 

R 3 is as defined in this claim under formula I, 

appropriately introducing a protecting group into a compound la; 

c) for the preparation of a compound of formula I wherein 
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R, is optionally protected hydroxymethyl or formyloxy methyl, 

either R 2 is formyloxy or optionally protected hydroxy and there is a single bond between positions 23 
and 24 

or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined in this claim under formula I, 

with the proviso that at least one of R, and R 2 is formyloxy methyl or, respectively, formyloxy, 
appropriately formytating a corresponding compound of formula I wherein 
R y is optionally protected hydroxymethyl or formyloxy methyl, 

either R 2 is formyloxy or optionally protected hydroxy and there is a single between positions 23 and 
24 

or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined in this claim under formula I, 

with the proviso that at least one of R^ and R 2 is other than formyloxymethyl or, respectively, formyloxy; 

d) for the preparation of a compound of formula I wherein 
Ri is ami nooxalyloxy methyl, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 
or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined in this claim under formula I, 

treating with an appropriate oxalyl derivative and thereafter with ammonia a corresponding compound 
la; 

e) for the preparation of a compound of formula I wherein 
R 1 is methoxymethyl or optionally protected hydroxymethyl, 

either R 2 is methoxy or optionally protected hydroxy and there is a single bond between positions 23 
and 24 

or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined in this claim under formula I, 

with the proviso that at least one of R, and R 2 is methoxymethyl or, respectively, methoxy, 
appropriately methylating a corresponding compound of formula I wherein 
Ri is optionally protected hydroxymethyl, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 
or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined in this claim under formula I; 

f) for the preparation of a compound of formula I wherein 

R, is acyloxymethyf wherein the acyl moiety optionally contains either a dimethylamino group which may 
optionally be quatemized ora carboxy group which may optionally be esterified orone or more optionally 
protected amino and/or hydroxy groups, 

either R 2 is optionally protected hydroxy and there is a single bond between positions 23 and 24 
or R 2 is absent and there is a double bond between positions 23 and 24, and 
R 3 is as defined in this claim under formula I 
(i.e. a compound Ih), 

appropriately acylating a corresponding compound la, 

and if desired quaternizing a resultant compound Ih wherein R^ contains a dimethylamino group; 
and when a resultant compound of formula I has a protected hydroxy or hydroxymethyl and/or a protected 
amino group, optionally removing the protecting group(s) to give a corresponding compound of formula I 
having one or more unprotected hydroxy or hydroxymethyl and/or unprotected amino group(s); 
and recovering the resultant compound of formula I in free form or, where such forms exist, in salt form. 

A process according to claim 4 for the preparation of the compound of formula I which is 32-hydroxymethyl- 
cyclopenty1-FR520 in free form and, where such forms exist, in salt form. 

A process for the preparation of a pharmaceutical composition comprising mixing a compound according 
to claim 1 with at least one pharmaceutical^ acceptable carrier or diluent. 

Use as an intermediate of the cyclopentyl compound resulting from subjecting a suitable 12-(2'-cyclohexyl- 
vinylVH^S-dioxa^-azatricyclo^.S.I.O^octacos-IS-ene or -14,18-diene or a suitable 11-(2'-cyo 
lohexylvinyl)-10,27-dioxa-4-azatricyclo[22.3.1.0 4 - 8 ]heptacos-17-ene or -13,17-diene derivative to ring 
contraction. 
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8. Use as an intermediate according to claim 7 of a compound of formula II as defined in claim 4. 
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